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Abstract
Background: Impairment of right ventricular function is a common finding in patients with
dilated cardiomyopathy (DCM). The aim of the study was to assess the function of the right
ventricle by tissue Doppler imaging (TDI) in relation to NT-proBNP concentration in patients
with DCM.
Methods: 29 patients with DCM were studied. Group I (n = 21) constituted of subjects with
a NT-proBNP concentration > 500 pg/ml and group II (n = 8) constituted of patients with
NT-proBNP < 500 pg/ml. In all patients the TDI parameters for the free-wall of the right
ventricle were analysed: velocity of myocardium (VEL), strain (e) and strain rate (SR).
Results: There were no significant differences between the two groups with respect to clinical
characteristics, parameters of global and regional left ventricular systolic function or between
indicators of global right ventricular function. In group I the maximal values of e in the apical
and medial segments of the right ventricular free wall were significantly lower than in group II
(17 – 10 vs. 29 – 7%; p = 0.0168 and 13 – 6 vs. 25 – 5%; p = 0.0023 respectively).
Moreover, in group I the maximal SR in the apical and medial segments of the right ventricu-
lar free wall were significantly lower than in group II (1.56 – 0.6 s-1 vs. 1.071 – 0.5 s-1;
p = 0.0358 and 0.99 – 0.38 s-1 vs. 1.55 – 0.37 s-1; p = 0.0044 respectively).
Conclusions: Impairment of right ventricular function is most visible in the apical and
medial segments. The maximal values of e and SR for the right ventricle free wall are lower in
patients with DCM and NT-proBNP > 500 pg/ml. (Cardiol J 2007; 14: 167173)
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Introduction
Disturbances in the systolic as well as the
diastolic left ventricular function in patients suffer-
ing from dilated cardiomyopathy (DCM) are well
documented and correlate with clinical symptoms
of heart failure. Moreover, it is postulated by some
authors that they are independent predictors of
survival in patients with DCM [1, 2]. It is also well
known that during the progression of DCM it is not
only the function of the left ventricle (LV) but also
that of the right ventricle (RV) that is impaired. This
may be a result of LV dysfunction, alternations of
interventricular interdependence or of the RV my-
ocardium being primarily affected by the disease [3].
Assessment of RV function in patients with dilated
cardiomyopathy is important because there is evi-
dence of a relation between the function of the RV
and exercise capacity. It is also apparent that RV
function influences the prognosis of patients with
DCM [4, 5]. However, the possibilities of RV func-
tion evaluation by commonly used imaging modali-
ties are limited.
The introduction of new imaging techniques
such as tissue Doppler imaging (TDI) into clinical
practice allows the regional function of the RV my-
ocardium to be assessed objectively and quantita-
tively [6, 7]. However, the usefulness of TDI in the
examination of the RV in patients with DCM has
not been documented.
Measurement of the N-terminal fragment of
brain natriuretic peptide (NT-proBNP) serum con-
centration in patients with heart failure is nowadays
a clinical standard in the evaluation of the progression
of the disease.  Some authors have reported that this
peptide is also an indicator of impaired RV in patients
with LV heart failure [8]. Therefore it is essential to
evaluate the relationship between NT-proBNP con-
centration and the parameters of RV function.
The aim of the study was to evaluate RV func-
tion by TDI in comparison with serum NT-proBNP
concentration in patients with DCM.
Methods
Study group
A total of 29 consecutive patients with diag-
nosed DCM were enrolled to the study. The diag-
nosis of DCM was made on the basis of World
Health Organisation criteria. In all cases the pres-
ence of significant change in the epicardial arteries
was excluded by angiography. All the patients re-
ceived optimal pharmacological treatment, includ-
ing ACE inhibitors, beta blockers, diuretics and,
where justified, digitalis glycosides. The NT-proBNP
concentration in each patient was estimated using
ElectroChemiLuminescence ImmunoAssay (the
ECLIA method). Depending on the NT-proBNP
concentration the patients were assigned to one of
the following two groups:
 group I (21 patients)  those with NT-proBNP
concentration > 500 pg/ml;
 group II (8 patients)  those with NT-proBNP
concentration < 500 pg/ml.
The characteristics of each group are shown in
the Table 1.
Echocardiographic examination
An echocardiographic examination in standard
views, including M-mode and two-dimensional
presentations, was performed in all patients. Tis-
sue Doppler imaging data were also recorded in
these patients. All examinations were performed by
one experienced echocardiographer on a VIVID 5
(General Electric) machine equipped with a 2.5 MHz
transducer.
The dimensions of the LV and RV were meas-
ured according to recommendations of the Ameri-
can Society of Echocardiography. Left ventricular
ejection fraction (LVEF) was calculated on the ba-
sis of the Simpson formula in the apical four-cham-
ber view. Similarly the end-diastolic volume, end-
systolic volume and EF for the RV were calculated
in the same view, as well as fractional area change
(FAC), which by definition is a ratio of the
Table 1. Characteristics of the study groups.
Group I (n = 21) Group II (n = 8) Significance level p
Age [years] 46.47 – 13.25 48.37 – 10.83 NS
NYHA I 1 (4.78%) 2 (25%) NS
NYHA II 16 (76%) 6 (75%) NS
NYHA III 4 (19.22%) 0 (0%) NS
NT-proBNP concentration [pg/ml] 2372 – 1723 240 – 1 77 0.0018
QRS duration [ms] 145 – 39 146 – 26 NS
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difference of end-diastolic and systolic RV area to
end-diastolic area M-mode presentation was also
used for the assessment of tricuspid annulus plane
systolic excursion (TAPSE) by the placement of the
M-mode line perpendicularly to the plane of the tri-
cuspid valve in the four-chamber view [9].
Tissue Doppler images were recorded for the
RV free wall in the apical four-chamber view, with
special attention given to obtaining the narrowest
angle between the ultrasound beam and the long
axis of the RV free wall. All the images in TDI
mode were recorded during a short period of ap-
noea during three consecutive ECG cycles, with
pulse repetition frequency exceeding 120 frames
per second. The data were digitally recorded and
then analysed with SPEQLE software (Software
Package for Echocardiographic Quantification,
Leuven, Belgium).
Tissue Doppler imaging analysis
Tissue Doppler imaging data were analysed for
basal segment (the inflow part of the RV) and for
the medial and apical segments, which reflect the
outflow part of the RV free wall in the long axis. The
localisation of a sample volume within the free RV
wall was based upon tissue tracking in a two-dimen-
sional presentation. The intervals of the cardiac
cycle were established on the basis of detection of
aortic valve closure, reflecting the end of the ejec-
tion period of the LV, and on detection of mitral
valve opening, the beginning of LV filling. During
the ejection period the maximal velocity (VEL),
maximal strain (e) and maximal strain rate (SR) of
the RV free wall were assessed. Strain was defined
as the difference between the final and initial
lengths in relation to the initial length expressed
as a percentage, whereas the SR reflects the region-
al gradient of myocardial velocity, and its measure
unit is s-1 [10].
Statistical analysis
Statistica 6 software (StatSoft, Tulsa, USA) was
used for statistical analysis. To compare the two
groups the non-parametric Mann-Whitney test was
used. The significance level was taken as p < 0.05.
All the values were presented as the arithmetic
mean values and standard deviations.
Results
The two groups did not differ significantly
either with regard to age (46.7 – 13 vs. 48.37 – 10
years) or NYHA class (Table 1). No differences
were found either with respect to the duration
of QRS complexes (145 – 39 vs. 146 – 26 ms).
The mean NT-proBNP serum concentration in
group I was 2372 – 1723 pg/ml and in group II
240 – 177 pg/ml.
The study did not show any significant differ-
ences between the parameters of global LV func-
tion such as end-diastolic volume, end-systolic vol-
ume, LVEF and the end-diastolic and systolic LV
dimensions measured in the parasternal long axis
(Table 2). With respect to the LV, no differences
were found regarding the regional function (VEL,
e, SR) analysed for the interventricular septum and
for the anterior wall in the four-chamber view (lon-
gitudinal shortening) and for the posterior wall in
the short axis (radial shortening). The results of
regional systolic function assessment of the LV are
shown in Table 3.
The study revealed that the parameters of
global RV function (FAC, TAPSE, RVEF) were
decreased in both groups compared to the refer-
ence values for normal subjects. Moreover, in
group I the values of FAC were lower than
in group II (26 – 11% vs. 30 – 10%), as were
the TAPSE (1.6 – 0.4 cm vs. 1.7 – 0.4 cm) and
the RVEF (34 – 16.5% vs. 43 – 13%), although
these differences were not statistically significant
(Table 4).
In group I the maximal strain of free RV wall
during systole was significantly lower than that of
group II in the apical segment (17 – 10% vs. 29 –
– 7%; p = 0.0168) and the same applied to the me-
dial segment (13 – 6% vs. 24.6 – 5%; p = 0.023),
Table 2. Assessment of left ventricle.
Group I (n = 21) Group II (n = 8) Significance level p
Left ventricular diastolic dimension [mm] 72.14–5.06 69–8.66 NS
Left ventricular systolic dimension [mm] 58.95–5.32 54.37–9.84 NS
Left ventricular ejection fraction [%] 27.76–5.89 31.25–8.66 NS
Left ventricular end-diastolic volume [ml] 253.85–46.42 248.62–79.63 NS
Left ventricular end-systolic volume [ml] 183.71–37.83 170.75–66.64 NS
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whereas no such differences in maximal e were found
for the basal segments (group I 0.14 – 0.1 vs.
0.06 – 0.1; NS). Figure 1 shows the results for
maximal e measured for respective segments and
the trends of correlation between maximal e and
NT-proBNP concentration for the RV.
Table 3. Assessment of regional left ventricular function.
Group I Group II
VEL max e max SR max VEL max e max SR max
[ms-1]  [%]  [s-1]  [ms-1]  [%]  [s-1]
Anterior wall
Apical segment 0.0085–0.02 5.22–7 0.4662–0.66 0.0047–0.02 9.00–8 1.0061–1.19
Medial segment 0.0127–0.31 2.45–7 0.4451–0.53 0.0060–0.02 6.15–4 0.1188–0.83
Basal segment 0.0151–0.02 1.50–7 0.6980–0.07 0.0179–0.02 0.97–4 0.8139–0.44
Interventricular septum
Apical segment 0.0225–0.02 4.5–9 0.5137–0.65 0.0213–0.01 7.6–9 0.68–0.60
Medial segment                  0.025–0.018 5.68–6      0.715–0.518 0.0260–0.015 6.83–6 0.7240–0.23
Basal segment 0.0271–0.02 2.28–12 0.6885–0.31 0.0263–0.02 2.8–1 0.4327–0.36
Short axis
Basal segment 0.0212–0.008 11.13–14 0.8534–0.86 0.0306–0.009 10.24–15 1.05–0.77
of posterior wall
Table 4. Global right ventricular function assessment.
Group I Group II Significance level p
RV dimension in parasternal view [mm] 30.4 – 4.3 30.5 – 4.3 NS
RV area in diastole [cm2] 24.2 – 6 23.5 – 4.2 NS
RV area in systole [cm2] 18 – 5.8 16.1 – 2.4 NS
Fractional area change of RV [%] 26 – 11 30 – 10 NS
Diastolic RV volume [ml] 56.3 – 20 55 – 14 NS
Systolic RV volume [ml] 37.5 – 18 30.9 – 8.3 NS
RV ejection fraction [%] 34 – 16.5 43 – 13 NS
Tricuspid annular plane systolic excursion [cm] 1.6 – 0.4 1.7 – 0.4 NS
RV  right ventricle
Figure 1. Maximal strain (e) during systole for apical, medial and basal segments of the right ventricle free wall.
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The maximal SR values measured in the api-
cal segment were also higher in group II than in
group I and were respectively: 1.56 – 0.6 and
1.071 – 0.5 s-1; p = 0.0358. Significant differences
were also detected for values of maximal SR in the
medial segments of RV (0.989 – 0.38 s-1 in group I
and 1.551 – 0.37 s-1 in group II; p = 0.0044). How-
ever, no such alternations were found with respect
to maximal SR in the basal segments of the RV
(1.073 – 1.06 vs. 0.966 – 1.05 s-1; NS).
Figure 2 illustrates the differences in maximal SR
in particular segments of the RV free wall of the two
groups and the relationship of maximal SR and
NT-proBNP serum concentration.
The analysis performed did not reveal any statis-
tically significant differences between the two groups
regarding the maximal velocity of the myocardium
during systole in the apical, medial and basal segments
of the RV free wall. The mean maximal VEL in the
apical segment was 0.049 – 0.03 m/s in group I and
0.052 – 0.03 m/s in group II, while in the medial seg-
ment it was 0.063 – 0.02 m/s and 0.071 – 0.02 m/s
respectively and in the basal segment 0.075 – 0.03 and
0.082 – 0.02 m/s. The results of maximal velocity as-
sessment for the RV free wall are given in the Figure 3.
Discussion
Only isolated studies have so far documented
the fact that impairment of RV function is frequent
in patients with congestive heart failure. Polak et
al. [11] showed that patients with RVEF of less than
35% at rest had a significantly higher mortality during
two-year observation. Di Salvo et al. [12] revealed
that RV function had a stronger influence on the
prognosis in patients with advanced heart failure
Figure 2. Maximal strain rate (SR) during systole for apical, medial and basal segments of the right ventricle free wall.
Figure 3. Maximal systolic velocity of the myocardium for apical, medial and basal segments of the right ventricle
free wall.
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than maximal oxygen consumption during the ex-
ercise stress test. Assessment of RV function is
therefore indisputably useful in the establishment
of a prognosis in the group of patients with DCM.
However, no single imaging technique is opti-
mal in the evaluation of RV function. There have
been attempts to examine RV function by means of
thermodilution, ventriculography, magnetic reso-
nance imaging, scintigraphy and echocardiography.
Each of these methods has some advantages and
disadvantages. Since echocardiography is a widely
available and non-invasive imaging technique, it is
the most commonly used modality in the assess-
ment of RV function. In patients with congestive
heart failure the following echocardiographic param-
eters of RV function have been analysed: RV vol-
ume, RVEF, RV fractional area change during di-
astole and systole, tricuspid annular plane systolic
excursion and RV long axis shortening [13, 14].
However, it was the introduction of the tissue Dop-
pler imaging modality which first allowed regional
RV function to be quantitatively evaluated [15].
In contrast to the conventional Doppler
echocardiographic study, the Doppler signals re-
corded for the myocardium are characterised by
relatively low velocities and high amplitudes. Mod-
ern echocardiographic scanners make it possible to
record simultaneously the images in two-dimen-
sional presentation as well as TDI mode with a tem-
poral resolution of about 10 ms, which is enough to
identify and analyse most of the events in the car-
diac cycle [16]. It has also been shown that the strain
rate correlates with myocardial contractility. The
values of regional velocity, strain and strain rate in
healthy subjects for RV free wall were described
by Kowalski et al. [10].
In the study conducted by us the maximal ve-
locities of the RV myocardium during systole were
lower in both groups compared to the normal val-
ues accessible in the literature. The velocity gradi-
ent along the long axis of the RV free wall from the
base to the apex reflected that described in healthy
subjects. The recorded velocities did not differ sig-
nificantly between groups I and II. The measurement
of velocities showed the impairment of RV mechan-
ical function in patients suffering from DCM, where-
as no relationship was found between the myocar-
dial velocity of the RV free wall and RV overload as
expressed by N-proBNP serum concentration.
In contrast to the velocities, the strain and
strain rate reflect deformation of the myocardium
rather than its motion. The superiority of these
parameters in the assessment of myocardial func-
tion results from the fact that they measure the
deformation on its own instead of its translation
along the transducer, and this has already been
demonstrated by some authors [17, 18].
The study conducted by us showed that in the
patients with DCM maximal e during systole was
decreased for all segments of the LV and RV com-
pared with values in a healthy population. The two
groups analysed differ significantly from each oth-
er with respect to the mean values of e for the me-
dial and apical segments. In group II the values were
slightly lower than the reference values, whereas
in group I the e values were significantly decreased.
Similar changes were observed for values of SR.
In both groups analysed the SR was lower for all
segments of the RV free wall than in the healthy
population, but the SR was significantly decreased
in the medial and apical segments of the RV free
wall in group I.
On the basis of the observations made during
this study, it may be concluded that the alternations
in SR values are secondary to the increased vascu-
lar resistance in the pulmonary circulation which
accompanies LV failure, because the most remark-
able changes in the TDI parameters were observed
in the segments of the RV constituting the right
ventricular outflow tract.
The study demonstrates that echocardiography
incorporating the TDI method is useful in the analy-
sis of the RV in patients with heart failure due to DCM.
The study groups did not differ significantly with re-
gard to clinical characteristics, global and regional LV
function or global RV function. However, only the TDI
parameters revealed the significantly lower values for
the medial and apical segments of the RV in patients
with a higher NT-proBNP serum concentration.
Study limitations
Strain and strain rate were calculated on the
basis of the Doppler velocity vector recorded along
the ultrasound beam. It is known that the differenc-
es in angle of ultrasound beam can result in values
of velocity, strain and strain rate different from
those derived from newer techniques based on
SPEQLE tracking.
The study did not allow the predictive value of
the deformation parameters in patients with DCM to
be established, since no follow-up data were gathered.
The small number of individuals, especially in
group II, may have influenced the statistical inter-
pretation of the results obtained.
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Conclusions
1. In patients with left ventricular heart failure the
impairment of right ventricular deformation
parameters (strain and strain rate) have
a stronger relationship with NT-proBNP than the
indices of regional function of the left ventricle.
2. Disturbances in right ventricular function are
predominantly present in the medial and api-
cal segments.
3. Tissue Doppler imaging can be a useful modal-
ity in the assessment of deterioration of right
ventricular function in patients with dilated car-
diomyopathy. Moreover either e or SR is su-
perior to myocardial velocity.
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